Cylindrospermopsis raciborskii (Woloszynska) Seenaya & Subba Raju is a freshwater cyanobacterium of worldwide distribution. In the North-eastern region of Brazil many eutrophic water reservoirs are characterized by the dominance of C. raciborskii, with recurrent occurrence of blooms. These water bodies have high conductivity due to a high ionic concentration, and are defined as hard (with high values of CaCO 3 ). In this study, we investigated the long-term effect (12 days) of high calcium concentration (8 mM Ca 2+ ) on C. raciborskii (T3 strain) growth, morphology, toxin content, and metabolism. Changes in protein expression profiles were investigated by proteomic analysis using 2D gel electrophoresis and mass spectrometry. A continued exposure to calcium had a pronounced effect on C. raciborskii (T3): it limited growth, decreased thricome length, increased chlorophyll-a content, altered toxin profile (although did not affect PST content, saxitoxin + neosaxitoxin), and inhibited the expression of proteins related to primary metabolism.
INTRODUCTION
Cylindrospermopsis raciborskii is a filamentous diazotrophic freshwater cyanobacterium. It is a cosmopolitan species, recognized as highly adaptable to diverse environments (13, 16, 30, 38) . The presence of C. raciborskii in water supplies used by humans or livestock is potentially harmful since several strains can produce the hepatotoxic alkaloid cylindrospermopsin and other yet unidentified toxins (6, 25) . Differently from other geographic regions, several toxic strains isolated from Brazilian water supplies produce paralitic shellfish toxins (PSTs) (19, 25, 26, 36) .
C. raciborskii is consistently recorded as a dominant phytoplankton component in eutrophic and hypereutrophic reservoirs of the semi-arid North-eastern region of Brazil (4, 8, 9, 10) . In this region, soil composition and climate contribute to the characteristic high ionic composition of water (Na conductivities up to 25000 µS.cm -1 (3) . These reservoir waters are also defined as hard, routinely evaluated by calcium carbonate content, with high CaCO 3 concentration (> 100 ppm) (11) . Water hardness implies high Ca 2+ concentrations, reported as up to 40 mM in those environments (12) .
The influence of salinity (represented by high NaCl concentration) on C. raciborskii metabolism has been previously reported and its effect on saxitoxin production has been investigated using a Brazilian strain (T3) (31) . However, there is no report on the effect of Ca 2+ on C. raciborskii growth and toxin production. Therefore, considering the common incidence of C. raciborskii blooms in water supplies presenting high concentrations of Ca 2+ (conductivity average 2000 µS.cm -1 , max. 19000 µS.cm -1 -3) in this study we verify the effect of a continued exposure to this ion on the physiology of C.
raciborskii T3 strain, evaluating cellular growth, morphology, chlorophyll-a, toxin content and protein expression profiles.
METHOD Strain maintenance
In this study, the C. raciborskii T3 strain was used. This strain was isolated from a toxic cyanobacterial bloom in Brazil (19) and has been maintained in the culture collection of the Laboratory of Cyanobacterial Ecophysiology and Toxicology (UFRJ, Brazil). The T3 strain produces STX, neosaxitoxin (NSTX) and decarbamoyl-NSTX and has been used as a type strain to elucidate the biosynthetic pathway of paralytic shellfish toxins (PSTs) (18, 36) . Non-axenic batch cultures of this strain were maintained in ASM-1 medium (15) at 24 ± 2 ºC, with a 12 hour L:D cycle and photon flux of 50 µmol photons.m -2 .s -1 (provided by common day light fluorescent lamps). Aeration was produced by a compressed air pump.
These culture conditions were established according to the environmental conditions from which this strain was isolated.
Preparation of growth medium with added calcium N t = N 0 ·e rn·t [1] Where N t is the number of cells in time t; N 0 is the initial number of cells; and r n is the growth rate (33).
To measure trichome length, aliquots of the experimental cultures were harvested every 3 days over the course of fifteen days. In each culture triplicate, a minimum of a hundred and fifty filaments were measured using a graduated ocular in a light microscope.
Chlorophyll-a measurements
Chlorophyll-a (Chl-a) content was determined from cells taken every 3 days over the course of 15 days of culturing.
Aliquots of 10 mL from each culture were filtered using borosilicate filters ( 
PST analysis
The PST profile of C. raciborskii T3 is STX, NSTX and dcNSTX (36) . Here, we measured PST production as the sum of STX and NSTX only, since we had no dcNSTX standard available. Culture samples of 500 mL were harvested on the 6 th and 12 th days and filtered on borosilicate filters (45 mm diameter, Millipore). Cells retained in the filters were analyzed for intracellular PST content while the volume that passed through the filters was analyzed for extracellular PST content.
Samples were stored at -20º C until the moment of HPLC analysis, which was performed within 24 h from the extraction procedure. Extraction of toxins was performed using acetic acid according to Carneiro et al. Spots on 2D gels were initially detected automatically with ImageMaster 2D Platinum v5.0 software and then manually confirmed. In each gel class (control or calcium) spots intensities were normalized and the three replicate gels were matched (14) . A set of spots characteristic of each experimental condition was defined selecting those spots consistently present in replicate gels, thus generating one control master gel and one calcium master gel.
In order to identify differently expressed proteins, images of the two master gels were matched. Spot intensity was evaluated using the relative volume parameter, expressed as:
Where, is the volume of spot S in a gel containing n spots. (Fig. 2) .
While the amount of chlorophyll-a (pg.cell -1 ) did not change during the 15 days of culturing in the control condition (R 2 = 0.0103), in 8 mM Ca 2+ cells accumulated more chlorophyll-a than in control (R 2 = 0.7264 ), and this difference was apparent from the 3 rd day of culturing (KW-test, p<0.01) (Fig. 3) . Effect of calcium on C. raciborskii 
Effect of calcium on PST content
No difference in intracellular PST content (STX + NSTX)
was observed between control and high Ca 2+ cultures, either at the 6 th or 12 th day of growth (U-test, P>0.05) ( Table 1) .
Considering only STX, after 12 days at 8 mM Ca 2+ its cell quota (fg.cell -1 ) was significantly lower (U-test; P<0.001) than at control, which indicates a conversion of STX into NSTX in the presence of calcium. Extracellular toxin content could not be measured from the culture medium, probably because the values were below the detection limit of the used method (0.3 ng for STX and 0.04 ng for NSTX). ) (B) for 12 days. Soluble proteins were separated using a linear pH 4-7 gradient and a 12% SDS-PAGE; gels were stained with Coomassie G250, digitalized, and compared using an image analysis software. Isoelectric point (pI) values of the proteins were determined using a linear 4-7 distribution and the molecular mass (MM) was estimated based on protein molecular mass markers. Protein spots are identified by the same numbers presented on Table 2 . raciborskii (13) were demonstrated as favourable to growth.
In the present study, upon exposure to high Ca 2+ , C.
raciborskii (T3) cells showed a decreased growth rate from the third day of culturing, so a significant decrease in the final number of cells.mL -1 after 15 days was observed as compared to control. We also cultivated C. raciborskii (T3) in ASM- We also showed that thricome length decreased in the presence of high Ca
2+
. In the studies relating C. raciborskii growth and salinity just cited (24, 31) , no morphological changes were evaluated. It the case of M. aeruginosa, it has been shown that a higher concentration of Ca Studies relating limnologic features with composition and temporal dynamics of phytoplankton usually evaluate conductivity, salinity or hardness (3, 12) . Such parameters however only poorly define water in terms of specific ionic composition. The work presented here is a preliminary step in investigating, under culture conditions, the effect of different ions individually on the physiology of a toxic C. raciborskii strain, which may contribute to identify physicochemical factors that can be related to the dominance and toxigenicity of this species in the environment.
